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Primary Focus

Annotation
– Gene features/GO assignments
– Biochemical pathways

Comparative analysis
SNPs across all category A-C orgs
Instructional Classes
– Annotation/SOPs
– Software
– Web usage 

Open Source Software Support



TIGR/BRC Organisms

Bacillus anthracis, 
Burkholderia mallei
Burkholderia pseudomallei
Clostridium botulinum
Clostridium perfringens
Francisella tularensis. 
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Microbial Software 
& Services

www.tigr.org/software



Mummer - whole genome alignment.
Glimmer - gene finding system.
Manatee - manual annotation tool.
Workflow - custom pipelines.
Sybil - comparative analysis system.

Software



Mummer 3.0
MUMs: Maximal Unique Matches
– Algorithm finds all matches
– String them together and align gaps

Suffix trees
– Fast alignment of long DNA sequences
– Linear time and space requirements
– Streaming algorithm

Memory maximization
– 2 year dev time optimizing suffix tree impl.



Mummer Performance
On a 2.4 GHz Pentium PC running Linux:

14:3946513:55467D. melanogaster arm 2L vs. 
D. pseudoobscura all contigs

18:2975216:15552P. falciparum all 
chromosomes vs. P. yoelii 

14s10213s78E. coli K12 vs. E. coli O157

TimeMbTimeMb

2.03.0



TIGRFams
Heavily curated multiple alignments based on protein 
families of the same function.
Proposed “cure” for transitive annotation.
Based on Hidden Markov Models (HMMs).
>1,000 families.
Complete assignments to GO.
Cutoff scores for each family.
• Trusted (automated name assignment)
• Noise (manual inspection required)

Downloadable. Fully integrated into Interpro. 



TIGRFAMs: Orthologous Families
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3-tier Architecture

Shared Client X Client Y

Application specific APIAPI

Client Y

Sybase Mysql

TIGR schemas

Database layer (SQL)

Sybase Postgres

Chado schema

Client X



3-tier Architecture
API
– Unified access to data for client apps
– Decouples client applications from SQL 

Portable
– Cross schema/vendor support
– Perl

Extensible
– Application specific API and database layer

Thin/Lightweight
– Single layer between client and SQL



Manatee
• MANual Annotation Tool Etc, Etc…







Gene Identification InformationGene Ontology and Cellular RoleGraphical Display of AnalysesTextual Display of Analyses

Gene Information Page



Pair-wise Alignment Summary

Experimentally characterized proteins
indicated by color



Manatee: Implementation
~15 reports
Linux OS
Fully database independent.

– Mysql
– Sybase
Perl Application programmer interface (API).
Web compatible.
Documented

– Example databases available.
– Online user docs.
– Programmer/interface.
– Installation.
Installed at several sites/contributions from other 
developers received



Chado: Open Source Database

Sequence Comp analysis General Organism CV

Collaborative relational database ~15 people.
– Flybase/Harvard
– GMOD Consortium

Composed of several modules
Freely available as open source
Many support tools under development by several 
laboratories. (see www.gmod.org)



Annotation attributes
Annot. Attribute terms

Gene name
EC#
Gene sym
GO
…

protein

Genomic Contig

gene

transcript

cvterm:
cv_id
cvterm_id
name

featureprop:
type_id = 
value = 

CDS

exon



Scaffold mappings

NNNN NNNN

featureloc:
nbeg = x
nend = y
rank = 0
locgroup = 0
srcfeature_id = *

featureloc:
nbeg = x
nend = y
rank = 0
locgroup = 1
srcfeature_id = *

Feature (Gene,match)
featureloc:

nbeg = z
nend = w
rank = 1
locgroup = 0
srcfeature_id = *

Featureloc

Contigs

Genomic scaffold



Multiple alignments
member sequence member sequence

featureloc:
nbeg = x
nend = y
rank = 2
locgroup = 0
residues = [text]
srcfeature_id = *

Multiple 
alignment 
feature

featureloc

featureloc:
nbeg = z
nend = w
rank = 0
locgroup = 0
residues = [text]
srcfeature_id = *

featureloc:
nbeg = z
nend = w
rank = 1
locgroup = 0
residues = [text]
srcfeature_id = *

featureloc:
nbeg = x
nend = y
rank = 3
locgroup = 0
residues = [text]
srcfeature_id = *member sequence member sequence



Sequence variations
SNPs (redundant mapping to protein)

featureloc:
residue_info = “A”
nbeg = x
nend = x
rank = 0
locgroup = 0
srcfeature_id = *

A => G

featureloc:
residue_info = “G”
rank = 1
locgroup = 0

residue_info = “I”
nbeg = z
nend = z
rank = 0
locgroup = 1
srcfeature_id = *

I => T
protein

SNP

featureloc featureloc:
featureloc:

residue_info = “T”
rank = 1
locgroup = 1

Genomic Contig



Chado BSML

No problem.
Heavily documented
Scaffolds
Attribution
CV terms
Linkage into other documents
Large-scale file management



Project architecture

BSML

Workflow

TIGR dbs Chado dbs
Prism

Web pages (Perl CGI)
*Database
*Data management
*Web

API



Workflow System
Viewing systems exist (e.g., gbrowse, Apollo, Manatee, 

Artemis), but how to create data?

Implemented in Java, ~5000 lines
Describes workflow as a directed acyclic graph
Supports serial and parallel processes
Executes onto Condor/LSF
Two main files:
– Human-readable config files
– XML templates

config file + XML template XML “instance”



Workflow System

XML instance, contents:
– Complete description of pipeline
– Contains status of pipeline
– Allows monitoring:

• resumption of failed instances
• straightforward tracking of multiple instances 



Workflow Computes

Blast
Position effect 
(conserved gene order)
MUMmer
– SNPs

PROmer
Gene families
– COGs
– Paralogs

BSML 
Dumper

COG

BSML
Loader

blastp

PE

SNPs
MUMmer

PROmer

Primary output: BSML-XML



Data Prep For Comparative Analysis

BSML 
Dumper

COG

BSML
Loader

blastp

PE

SNPs
MUMmer

PROmer

Chado

GMOD 
Consortium

GenBank Files
EMBL Files
Custom Files
XML

-GFF
-BSML

TIGR Original DB



A B C



XY plots  



Conserved synteny across multiple genomes.  
Color highlighting of rearrangements at 
whole genome level of resolution







Sybil Completion

Data model – 100%
Workflow process – 100%
Loading systems – 100%
Interfaces – 80%, on-going
SNP analysis – early phase
Higher-level analysis systems – early phase





>KRUGERB-16 (94989bp) 200731 c-->t 50878 COV: 16 CB_QVal: 504 QUAL: 31.5
NON-SYNONYMOUS (2): GGC - G ---> GAC - D   (from start: 4 bp/848 bp)
REF : GAAGAAGCGCTAATAAAATGCCCATTACAAGACTCCCTTCG 200751 B. anthracis Ames Porton

|||||||||||||||||||| ||||||||||||||||||||
ASM : GAAGAAGCGCTAATAAAATGTCCATTACAAGACTCCCTTCG 50898
ORF01519        transporter  putative
50873   A       564     AAAAAAAAAAAAAAAA   35:36:35:35:36:36:36:36:35:27:36:36:36:36:37:36
50874   A       569     AAAAAAAAAAAAAAAA   34:36:35:35:36:36:36:36:35:35:36:36:36:36:35:36
50875   A       550     AAAAAAAAAAAAAAAA   18:36:35:35:36:36:36:36:34:36:36:35:36:34:35:36
50876   T       545     TTTTTTTTTTTTTTTT   13:36:36:35:36:36:36:34:35:38:35:34:36:34:37:34
50877   G       517     GGGGGGGGGGGGGGGG   17:35:35:35:34:37:36:36:32:26:34:34:33:36:22:35

*50878   T       504     TTTTTTTTTTTTTTTT 11:36:35:33:34:36:31:34:35:19:31:35:31:36:33:34
50879   C       559     CCCCCCCCCCCCCCCC   33:34:35:35:36:36:34:35:32:35:36:35:36:36:35:36
50880   C       515     CCCCCCCCCCCCCCC    34:35:35:36:34:36:36:29:34:36:35:35:36:35:29
50881   A       508     AAAAAAAAAAAAAAA    36:34:34:36:40:34:36:32:26:36:34:36:36:32:26
50882   T       513     TTTTTTTTTTTTTTT    36:35:35:36:35:36:36:36:25:36:37:35:36:29:30
50883   T       498     TTTTTTTTTTTTTTT    36:35:34:36:33:36:36:35:15:36:35:32:36:33:30

REFERENCE: B. anthracis Ames Porton
200726        A       334     AAAAAAAAAA   29:29:37:31:51:22:45:40:35:15
200727        A       362     AAAAAAAAAA   25:41:37:34:51:27:45:40:34:28
200728        A       347     AAAAAAAAAA   29:41:37:34:45:27:45:40:34:15
200729        T       341     TTTTTTTTTT   25:41:45:33:45:21:45:25:34:27
200730        G       336     GGGGGGGGGG   33:41:38:33:45:16:45:24:34:27

*200731        C       334     CCCCCCCCCC 33:37:40:37:45:16:18:45:35:28
200732        C       318     CCCCCCCCCC   33:37:40:38:45:18:4:45:35:23
200733        C       284     CCCCCCCCC    33:37:37:37:41:15:4:45:35
200734        A       307     AAAAAAAAA    27:45:37:37:51:21:4:51:34
200735        T       291     TTTTTTTTT    24:45:37:37:41:24:4:45:34
200736        T       293     TTTTTTATT    24:45:45:37:41:24:4:45:35

COV: 10 CBQUAL: 334 QUAL: 33.4

SNP Detection Pipeline Output
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